The problem of the development of sealants has urgently arisen upon the foundation of civil jet aviation in connection with the necessity of sealing, not only single units or joints, but also aircraft constructions as a whole. This problem could not be solved using gaskets and sealants available at that time and new specialized materials were in demand. The only sealant was first mentioned in the third edition of the VIAM Handbook (1951) in the section "Sealing Materials" among two dozens of different lubricants, pastes, tapes, caulking, and other sealing compounds [1]. The sealant was presented without mentioning any particular brand, but simply as two variants of a sealing composition produced according to Technical Certificate TU NKPP 1942 (based on castor oil and an alkaline material). The real demand in sealants and the term "sealant" have been appeared in the 1950s. Among other reasons, this was caused by the application of caisson tanks in the design of aircrafts. Encyclopedia of Aviation Materials published in 1963 already contained a chapter called "Sealants," in which sealants were described as polymer compositions, caulking compounds, pastes, and viscous-flow liquids applied onto riveted, bolted, and other joints of metal structures, devices, and assemblies to ensure their impermeability. Therefore, sealants may well be considered a real offspring of the metal aircraft industry. Natal'ya Borisovna Baranovskaya, Dr. Sci. (Eng.), the head of the Department of Sealants at VIAM, who was the first to develop sealants, was appointed the Chief Chemist of the Soviet Union.
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The term sealants referred to materials used for ensuring the impermeability of metal structures (and, later, polymer composite structures); in contrast to other means for sealing, these materials are applied, not as ready-made elements or items, but are spread in bonding areas in the course of production operations because of their viscous-flow consistency. Due to the fact that they are vulcanized, sealants acquire a rubberlike state, thus ensuring sealing under pressure drops, variable temperatures, and loading.
Furthermore, the use of sealants was expanded to civil engineering (for sealing seams between concrete structures), shipbuilding, instrument making, and other branches of national economy. In addition to their direct purpose, that is, to impart impermeability, sealants are frequently employed as adhesives or coatings for protecting structures from atmospheric, corrosion, thermal, mechanical, and other effects.
Changes in technical problems determined the directions of the studies; the development of aviation created the need to elaborate new sealants. The design of fuel compartments instead of rubber tanks required the development of new materials that would be resistant, in particular, to fuel media. The appearance of supersonic liners advanced the new requirement: to increase the heat resistance of sealants as a main purpose of the elaboration of new materials. The collapse of the Soviet Union led to the necessity of producing sealants on the basis of domestic raw materials, because many components of sealants and rubbers had been produced in the former Soviet republics.
Sealants must satisfy certain requirements of elasticity, heat and cold resistance, and resistance to working media and factors of aging. They must possess high adhesion to metals and other materials. The main problem concerning their development is the fact that they must be corrosion-resistant and technologically efficient (easy to apply and quick-drying). Caulking compounds, pastes, and films also acquired the status of POLYMER SCIENCE Series C Vol. 49 No. 3 2007 DONSKOI, GRIGORYAN sealants, and this was reasonable, because the requirements for these materials became more and more severe due to complicated service conditions. L.E. Zel'bet and N.I. Rudenko were the first to begin formulating sealants under Baranovskaya's supervision. Polysulfide and thiokol oligomers were taken as starting materials due to their specific properties. The synthesis of polysulfide oligomers was reported for the first time in 1943 [2]. Polysulfide rubbers were described by Buyer and Patrick as early as in [1926] [1927] and their industrial production began in the 1930s in the United States, the Soviet Union, and, later, in the Great Britain, Germany, and Japan. These rubbers are the polycondensation products of dihalide derivatives of aliphatic hydrocarbons with alkali metal polysulfides [3] . In the Soviet Union, a method for the production of liquid polysulfides was developed in 1953 at the AllUnion Research Institute of Synthetic Rubber (ARISR) under the supervision of N.P. Apukhtina, and, in 1955, its industrial production was organized at the Kirov Plant of Synthetic Rubber, Kazan.
Among diverse sealing materials, polysulfide sealants occupy a special place because they impart impermeability to the joints subjected to static or dynamic stretching and compressing deformations, considerable temperature drops, and the actions of solvents and aggressive media. Such a set of properties is not inherent in any of the sealants that appeared later, such as those based on siloxane, hydrocarbon, and urethane oligomers [4] . Therefore, the production of thiokol sealants occupies the leading position among other sealing materials. Liquid thiokols are produced through the reduction degradation of high-molecular-mass polysulfides; at present, the consumption of polysulfide oligomers is more than tenfold larger than that of solid thiokols. In 2006, polysulfide oligomers of three brands were produced in Russia, including HVB-2, I, and II differing in their contents of SH groups, viscosity, and the average molecular mass of a polymer. They are vulcanized via the oxidation of terminal SH-groups with different (in)organic oxidants. The rate and completeness of oxidation depend on many factors, among which the most important are the structure of an oligomer, the nature of an oxidant, the presence of activators or inhibitors, temperature, and environmental humidity.
The vulcanization of polysulfide oligomers results in both the lengthening of macromolecules and their infrequent crosslinking through the oxidation polycondensation of mercapto groups in side chains as follows [2]: RSH + oxidant + HSR~ ~R-S-S-R~ + H 2 O + product of oxidant reduction.
Oxidants and various unsaturated compounds polymerizable via the free radical mechanism are used as vulcanizing agents. In the latter case, oligomercaptans are involved in free radical chain processes owing to their capacity for homolysis under the effect of free radicals.
All vulcanizing agents may be classified as follows: (i) inorganic peroxides, including those of metals and hydrogen peroxide; (ii) oxides of manganese, lead, tin, aluminum, antimony, tellurium, magnesium, zinc, cadmium, copper, barium, and other metals; (iii) inorganic oxidants, such as chromates, chlorates, borates, and nitrates of alkali and alkali-earth metals; (iv) organic peroxides and hydroperoxides, such as isopropylbenzene hydroperoxide, tert -butyl peroxide, tert -butyl perbenzoate, diisopropylbenzene peroxide, etc.; (v) organic oxidants, such as mono-, di-, and trinitrobenzene, trinitrotoluene, and p -quinonedioxime; and (vi) low-and high-molecular-mass compounds containing groups capable of interacting with SH groups, such as isocyanate-, epoxy-, and methylol phenyl; organic titanates, borates, silicates; and unsaturated compounds.
Lead and manganese dioxides are most widely used metal oxides. Lead dioxide is more active and, however, much more toxic. Manganese dioxide, which was applied for the first time in the Soviet Union in the mid1950s [5] , is widely used even now.
Sodium dichromate is another vulcanizing agent applied in Russia. The donor acceptor interactions of O and S atoms of polymer chains with variable-valence chromium atoms play a substantial role in such vulcanization.
Good results were obtained with the first polysulfide sealants, such as U-30M, UT-31, VTUR, MPS-1, etc., representing self-vulcanizing pastes that are converted from a pastelike to a rubberlike state without heating and shrinkage (U-30M and UT-31), and film-forming sealants, such as RA-6, VTUR, MPS-1, etc., which are applied as varnish or adhesive polymer solutions.
U-30M and UT-31 thiokol sealants should be mentioned in particular, as they are stable with respect to fuel and different aging factors that explain their wide use. U-30MES-5 sealant, which has become the most common product, was developed in 1957. Its service characteristics are so high that it is successfully applied at present, e.g., in caisson tanks together with UT-32 sealant.
Later, polysulfide sealants were elaborated to produce new materials characterized by a simplified sealing technology and better operating conditions.
A version of U-30MES-5 sealant produced as U-30MES-5M brand was developed. Unlike its predecessor, the new sealant has its own adhesion to different metal and nonmetal materials, which remains preserved upon the action of service factors [6] .
Viscous-flow two-component VTK-1-29 sealant can be applied with a brush without dilution or with a small amount of a solvent (below 8%). This sealant is noticeably more efficient than three-component UT-32 sealant used in combination with U-30MES-5 sealant for sealing caisson tanks.
Another pastelike VER-1 sealant was elaborated for cases when fast vulcanization and higher adhesion and
